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(54) Adaptive recording method and apparatus for high-density optical recording, and control 
method therefor 



(57) There Is provided an adaptive recording 
method for recording binary data having marks and 
spaces by irradiating a light signal onto an optical 
recording medium and adaptively adjusting the power ol 
the light signal according to the correlatlvlty between the 
length of a mark currently being recorded and the 
lengths of leading/trailing spaces, the adaptive record- 
ing method Including the steps of (a) checking the out- 
put characteristics of a light signal generating apparatus 
for generating the light signal, and (b) controlling the 



power of the light signal by referring to the power of the 
light signal corresponding to the correlativity and the 
output characteristics In recording the data on the opti- 
cal recording medium. The adaptive recording method 
allows accurate recording control by updating light out- 
put control data with respect to a power setting value 
according to variation in the output characteristic of the 
laser diode. 
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Description 

[0001] The present Invention relates to a high-density optical recording method and apparatus, and more particu- 
larly, to an adaptive recording method and apparatus for Implementing optimum recording, and a controlling method 
5 therefor. 

[0002] With the advent of the multi-media age, there has been an Increasing demand for high-capacity recording 
media. Such high-capacity recording media include optical recording media such as a magnetic optical disc driver 
(MODD) or digital versatile disc random access memory (DVD-RAM). 

[0003] in recording data on such optical recording media, a high-level of accuracy is required Also, It Is necessary 
w to minimize jitter and any cross-erase. In order to comply with such needs, "adaptive recording methods'have been 
employed. 

[0004] In an adaptive recording method, optimum recording is realized by adjusting a laser output or moving the 
positions of overwrite pulses according to the correlattvity between the lengths of the overwrite pulses and the lengths 
of leading and trailing spaces. 

75 [0005] However, the output characteristics of a laser diode for generating overwrite pulses vary with the passage of 
time. During an initial operating stage, the output power levels of the laser diode sharply vary in response to variations 
In Input power. However, during a stable operating stage (In which the operating temperature is relatively high), varia- 
tions In the output power levels of the laser diode become considerably slow with respect to variations In the Input 
power. Thus, In order to control the laser diode with a constant light power level, a sharp variation In the current Is nec- 

20 essary. 

[0006] However, since conventional adaptive recording apparatuses are independent of the variation In the output 
power level of the laser diode, it is difficult to realize optimum recording. 

[0007] The structure and operation of conventional adaptive recording apparatus will now be described In detail 
with reference to the accompanying drawings. 

25 [0008] In a DVD-RAM, data is recorded using overwrite pulses of a multi-pulse pattern. Figure 1 shows waveform 
diagrams illustrating overwrite pulses for forming recording marks in a digital versatile disc random access memory 
(DVD-RAM). Figure 1 (a) shows NRZI (Non Return to Zero Inverted) data having recording marks of 3T, 5T and 11T 
(here, T Is the period of a basic clock signal), and Figure 1(e) shows overwrite pulses for recording the data shown In 
Figure 1(a) on a disc. The overwrite pulses shown In Figure 1(e) are obtained by combination of a read power control 

30 signal shown In Figure 1(b), a write power control signal shown in Figure 1 (c), and a bias power control signal shown in 
Figure 1(d). 

[0009) The overwrite pulses shown in Figure 1 are based on the 2.6 giga-byte (GB) DVD-RAM standard According 
to the 2.6 GB DVD- RAM standard, the overwrite pulses consist of a first pulse, a muttVpulse chain and a fast pulse. The 
number of pulses in the multi-pulse chain changes according to the length of a recording mark, while the first and last 

35 pulses are retained as they are. 

[0010] The rising edge of the first pulse lags the rising edge of the recording mark by T/2. The rising edge of the 
first pulse may be shifted before and after, in units of 1 nano second (ns). This is also true of the last pulse. The multi- 
pulse chain Is divided Into several short pulses so that the recording marks may not be deformed In the rear part of the 
recording marks by reducing heat accumulation. 

40 [0011] The overwrite pulses based on the 2.6 GB DVD-RAM standard are formed Independently of correlattvity 
. between a current recording mark, a leading space and a trailing space. 

[0012] Thus, when short spaces are seriated In the data having a long recording mark, deformation of the recording 
mark due to chain accumulation occurs In the rear part of the recording mark, which causes severe Jitter. 
[0013] To prevent this problem, an adaptive recording method is employed. The adaptive recording method allows 
45 optimum recording to be realized by edjustlng the levels of overwrite pulses or moving the positions thereof according 
to the correlatlvlty between a recording mark, a leading space and a trailing space. 

[0014] Figure 2 is a block diagram of a conventional adaptive recording apparatus for adjusting the levels of over- 
write pulses Irrespective of a current recording mark, a leading space and a trailing space. 

[0016] The adaptive recording apparatus shown in Figure 2 Includes a data determiner 100, a recording waveform 
50 controller 11 0, an overwrite pulse generator 120, a laser diode (LD) driver 140, a laser diode 160, an auto laser diode 
power control (ALPC) circuit 200, a driver microcomputer (MICOM) 102, a power table storing unit 104, and a multi- 
plexer (MUX) 106. 

[0016] The ALPC circuit 200 Includes a photo diode (PD) 202, a variable gain controller (VGA) 204, a comparator 
(comp) 206, an up/down counter 208 and a digital-to-analog converter (DAC) 210, and performs an auto laser diode 
53 power control (ALPC) operation for maintaining the level of a light signal output from the LD 160, which is output as a 
function of PD 202 at a constant level, 

[0017] Figure 3 shows waveform diagrams Illustrating the operation of the adaptive recording apparatus shown in 
Figure 2. Figure 3(a) shows the waveform of NRZI data, Figure 3(b) shows a read power control signal, Figure 3(c) 
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shows a write power control signal, Figure 3(d) shows a bias power control signal, Figure 3(e) shows overwrite pulses 
based on the 2.6 GB DVD-RAM, and Figure 3(f) shows overwrite pulses according to the adaptive recording method. 
[0018] As shown In Figure 3(f), according to the adaptive recording method, the levels of overwrite pulses am 
changed Into levels (1), (2) and (3) depending on the correlativlty between the recording mark and leading/trailing 
5 spaces. 

[0019] The adaptive recording apparatus shown In Figure 2 operates In e normal recording mode or an adaptive 
recording mode. In the normal recording mode, the levels of the overwrite pulses are controlled by light output control 
data supplied from the up/down counter 208 of the ALPC circuit 200. Here, a reference voltage V_ref_w supplied from 
the driver mlcom 1 02 Is applied to the comparator 206. 
to [0020] The light signal reflected from the disc 1 80 Is received in the PD 202 which Is a light receiving element The 
VGA 204 amplifies the light signal received In the PD 202. The comparator 206 compares the level of a voltage output 
from the VGA 204 and that of the reference voltage V_ref_w. 

[0021] Here, the reference voltage V_ref_w Is set according to the power of a write pulse required In a normal 
recording mode. The up/down converter 208 down-counts If the level of the light signal is higher than the reference volt- 
is age V_ref_w, and up-counts If the level of the light signal Is lower than the reference voltage V_re1_w. 

[0022] The counting result of the up/down counter 208 Is light output control data and Is supplied to the LD driver 
1 40 through the DAC 21 0. In the normal recording mode, the MUX 1 06 supplies the light output control data output from 
Ihe up/down counter 208 to the DAC 210. 

[0023] Alternatively, In the adaptive recording mode, the levels of overwrite pulses are controlled by the light output 
20 control data stored In the power table storing unit 1 04. 

[0024] The operation of the adaptive recording apparatus shown In Figure 2 in the adaptive recording mode will 
now be described in detail. In Figure 2, the power table storing unit 104 stores a power table Including power setting 
values of overwrite pulses, wherein the power setting values depend on the correlativlty between a recording mark and 
leading/trailing spaces. 

25 [0025] The power table storing unit 1 04 is initialized by the driver mlcom 1 02. During an initializing stage, the driver 
mlcom 102 reads power setting values of a control data zone, which are recorded in read-in/out zones, and stores the 
same In the power table storing unit 104. 

[0026] According to the 2,6 GB DVD-RAM standards, the power setting values for designating a read power level, 
a write power level, a bias power level, an erase power level and a cooling power level are recorded in the control data 

30 zone. Actually, the write power level, the bias power level, the erase power level and the cooling power level are sepa- 
rately recorded for each land/groove. Thus, 9 power setting values are recorded in the control data zone. 
[0027] In order to perform adaptive recording on the disc 1 80 based on the 2.6 GB DVD-RAM standards, separate 
data for changing the power setting values depending on the correlativlty between the recording mark and the lead- 
ing/trailing spaces thereof is necessary. The data depending on the correlativlty may be stored In a flash read only 

35 memory (ROM) of a driver or may be transferred through a host computer. Therefore, the driver mlcom 1 02 controls the 
power setting values stored In the control data zone of the disc 180 and the power setting values that depend on the 
correlativlty, which are stored in the flash ROM, to be stored In the power table storing unit 104. 
[0028] To cope with adaptive recording, the power setting values depending on the correlativlty may be stored In 
the disc 1 80. In this case, the driver mtcom 102 transfers the power setting values recorded in the control data zone of 

40 the disc 1 80 to be stored In the power table storing unit 1 04. 

[0029] More specifically, In initializing the power table storing unit 1 04, the driver mlcom 1 02 converts the power set- 
ting values Into binary data suitable for the DAC 21 0. In other words, the light output control data necessary for gener- 
ating overwrite pulses, which has a power level designated by the power setting values, Is stored in the power table 
storing unit 1 04. The fight output control data stored In the power table storing unit 1 04 may vary according to the res- 

45 olution of the DAC 210 even for an Identical power setting value. 

[0030J In performing adaptive recording, the LD driver 140 operates in accordance with the light output control data 
supplied from the power table storing unit 1 04. In other words, the LD driver 1 40 controls the power leveKof the overwrite 
pulse output from the LD 1 60 in accordance with the light output control data supplied from the power table storing unit 
104. 

so [0031] In the adaptive recording mode, the MUX 106 selects the light output control data supplied from the power 
table storing unit 104 and supplies the same to the DAC 210. 

[0032] The data determiner 100 receives NRZI data, determines the correlativlty between the recording mark and 
the leading/trailing spaces and then supplies the determination result to the power table storing unit 104. The power 
table storing unit 104 supplies the light output control data depending on the correlativlty to the MUX 108 by referring 
55 to the determination resuft supplied from the data determiner 1 00. 

[0033] The light output control data supplied from the power table storing unit 1 04 Is supplied to the LD driver 140 
through the DAC 210, and the LD driver 140 controls the power level of the LD 160 according to the light output control 
data supplied from the DAC 21 0. 
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[0034] The driver micom 1 02 Initializes the power table storing unit 104. The recording waveform controller 1 1 0 out- 
puts recording waveform control signals, that Is, a read power control signal shown In Figure 3{b), a write power control 
signal shown In Figure 3(c) and a bias power control signal shown In Figure 3(d), according to NAZI data shown In Fig- 
ure 3(a). 

5 [0035] The overwrite pulse generator 120 generates overwrite pulses shown In Figure 3(e), according to recording 
waveform control signals supplied from the recording waveform controller 110, and applies the same to the LD driver 
140. 

[0036] The LD driver 140 drives the LD 160 according to the overwrite pulses applied thereto and the light output 
control data supplied from the DAC210. The overwrite pulses supplied to the LD 160 are flashed onto the disc 180 to 

to perform recording of data. 

[0037] The power levels of the overwrite pulses vary adaptively according to the correlatlvlty between the recording 
mark and the leading/trailing spaces, as shown In Figure 3(f). In Figure 3(f), the power level (1 ) represents a power level 
at the trailing space of a mark of 3T, the power level (2) represents a power level at the trailing space of a mark of 6T, 
and the power level (3) represents a power level at the trailing space of a mark of 1 1T. 

is [0038] Referring to Figure 3 (1), the power levels of the overwrite pulses vary according to the correlatlvlty between 
the recording mark and the trailing space thereof. For example, the power levels may be 10 mW, 1 1 mW end 12 mW, 
respectively. 

[0039] In the adaptive recording apparatus shown In Rgure 2, the output characteristics of the LD 1 60 vary accord- 
ing to the length of time for which the LD 160 has been used. 

20 [0040] Figure 4 graphically shows the output characteristics of the LD 160, In which Figure 4(a) shows the output 
characteristic at 25 °C, and Figure 4(b) shows the output characteristic at 60°C, respectively. 
[0041] The shapes of the characteristic curves 6hown in Figures 4(a) and 4(b), which represent the relationship 
between the light output control data and the power levels of the overwrite pulses, are different. Referring to Figures 4(a) 
and 4(b), the light output control data when the LD 1 60 operates at 60°C Is larger than that when the LD 160 operates 

25 at 25°C, when the overwrite pulse power levels for both cases are equal. Thus, In order to attain more accurate adaptive 
recording, the light output control data of the power table storing unit 104 must be adjusted according to a variation In 
the output characteristic of the LD 160. 

[0042] However, since the adaptive recording apparatus shown In Figure 2 does not cover the output characteris- 
tics of the LD 1 60, It Is difficult to perform accurate recording control. 
30 [0043] To solve this problem, the light output control data corresponding to the power setting values are updated 
according to the output characteristics of the LD 160. 

[0044] First, the output characteristic curves of the LD 160 are obtained using the ALPC circuit 200. In detail, two 
reference points a and b are set within the range of the output power level of the LD 1 60, and reference light output con- 
trol data Pa and Pb for obtaining the power levels corresponding to the reference points a and b are obtained by apply- 
35 Ing voltages V_ref_a and V jref J> corresponding the reference points a and b to the comparator 206 of the ALPC circuit 
200 as reference voltages, and obtaining the counting results of the up/down counter 208 of the ALPC circuit 200. 
[0045] Approximate output characteristic curves of the LD 1 60 are obtained from the obtained reference light output 
control data Pa and Pb. 

[0046] Next, referring to the obtained approximate output characteristic curves, the light output control data corre- 
40 sponding to the power setting values depending on the correlatlvlty are obtained and stored in a separate power table 
storing unit. 

[0047] Finally, during adaptive recording, the power of the LD 160 Is controlled using the light output control data 
stored In the power table storing unit. 

[0048] With a view to solve or reduce the above problems, it Is an aim of embodiments of the present Invention to 
45 provide an adaptive recording method adaptive to a variation in the output characteristics of a laser diode. 

[0049] Another aim Is to provide an adaptive recording apparatus which enables accurate recording, wherein the 
recording is adaptive to a variation in the output characteristics of a laser diode. 

[0050] It Is still another aim to provide a controlling method which enables accurate recording by controlling the 
adaptive recording apparatus adaptively to a variation In the output characteristics of a laser diode. 

so [0051] According to a first aspect of the present Invention there is provided an adaptive recording method for 
recording binary data having marks and spaces by irradiating a light signal onto an optical recording medium and adap- 
tively adjusting the power of the light signal according to the correlatlvlty between the length of a mark currently being 
recorded and the lengths of leading/trailing spaces, the adaptive recording method comprising the steps of: (a) check- 
ing the output characteristics of a light signal generating apparatus for generating the light signal; and (b) controlling the 

55 power of the light signal by referring to the power of the light signal corresponding to the correlativiry and the output 
characteristics in recording the data on the optical recording medium. 

[0052] Preferably, the step (a) comprises the sub-steps of: (al) obtaining first reference light output control data for 
outputting a light signal having a first reference power from the light signal generating apparatus; (a2) obtaining second 
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reference light output control data for outputting a light signal having a second reference power from the light signal gen- 
erating apparatus; and (a3) approximating the output characteristics of the light signal generating apparatus by referring 
to the first reference power, the first reference light output control data, the second reference power and the second ref- 
erence light output control data. 
5 {0053] Preferably, sub-steps (a1 ) and (a2) are performed In an area of the optical recording medium where user 
date is not recorded. 

[0054J Preferably, In the sub-step (a3), the approximated output characteristic curve of the light signal generating 
apparatus is obtained by a line connecting a point corresponding to the first power and the tlrst light output control data, 
and a point corresponding to the second power and the second light output control data. 

jo [0055] The step (b) may comprise the sub-steps of: (61) obtaining the light output control data applied to the light 
signal generating apparatus for generating light signals having power levels corresponding to the power setting values 
depending on each correlatlvlty; (b2) storing the light output control data; (b3) determining the correlativlty between the 
mark currently being recorded and the leading/trailing spaces; and (b4) supplying the light output control data corre- 
sponding to the correlatlvlty determined In the step (t>3) to the light signal generating apparatus. 

15 [0056] Preferably, the sub-steps (b1) and (b2) are periodically performed. 

[0057] Preferably, the optical recording medium has two different tracks and the method further comprises the step 
of (b5) adding the corresponding light output control data to a difference in the light sensitivity between two tracks 
according to the type of a data recorded track. 
[00581 Preferably, the step (a) is periodically performed. 

zo [0059J Preferably, the optical recording medium has an area where user data is not recorded, and the step (a) Is 
performed in that area. 

[0060] Preferably, the optical recording medium Is a DVD : RAM disk, and the step (a) Is performed in a mirror area 
of the DVD-RAM disk. Alternatively, the optica) recording medium may be a DVD-RAM disk, and the step (a) is per- 
formed In a gap area of the DVD- RAM disk. 
2S [0061J According to a second aspect of the invention, there is provided a method for controlling an adaptive record- 
ing apparatus comprising a recording waveform generator tor generating an overwrite pulse control signal correspond- 
ing to binary data having marks and spaces; a laser diode driver for controlling a taser diode to generate overwrite 
pulses corresponding to the overwrite pulse control signal and for controlling the power of the overwrite pulses accord- 
ing to light output control data; an auto laser diode power control (ALPC) circuit for feed- back controlling the power of 
30 the overwrite pulses to be maintained at a predetermined reference value; a data determiner for determining the correl- 
ativity between the recording mark and leading/trailing space; a power table storing unit for storing the light output con- 
trol data corresponding to the power of the overwrite pulse depending on the correlativlty and outputting the 
corresponding light output control data according to the determined correlativlty; and a multiplexer for selectively sup- 
plying the light output control data output from the power table storing unit to the laser diode driver, the adaptive record- 
as ing apparatus for adaptively adjusting the power of the overwrite pulse according to the correlativity between the length 
of the recording mark and the lengths of the leading/trailing spaces, the method comprising the steps: (g) checking the 
output characteristic curve of the laser diode by controlling the ALPC circuit; and (h) updating the light output control 
data stored In the power table storing unit by referring to the output characteristic curve. 

[0062] Preferably, the step (g) comprises the sub-steps of: (g1) applying to the ALPC circuit a first reference vatue 
40 for allowing the overwrite pulse to have a first power, and obtaining first reference light output control data correspond- 
ing thereto; (g2) applying to the ALPC circuit a second reference value for allowing the overwrite pulse to have a second 
power, and obtaining second reference light output control data corresponding thereto; and (g3) approximating the out- 
put characteristics of the light signal generating apparatus by referring to the first power, the first light output control 
data, the second power and the second light output control data. 
45 [0063] The sub-steps (g1 ) and (g2) may be performed in an area of the optical recording medium where user data 
is not recorded. 

[0054] In the sub-step (g3), the approximated output characteristic curve of the light signal generating apparatus Is 
preferably obtained by a line connecting a point corresponding to the first power and the first light output control data, 
and a point corresponding to the second power and the second light output control data. 
so [0065] The optical recording medium may have two different tracks and the method further comprises the step of 
- (I) adding the corresponding light output control data to a difference In the Bght sensitivity between two tracks according 
to the type of a data recorded track. 
[0066] Preferably, the step (g) is periodically performed. 

[0067] The step (g) may be performed in an area of a disk where user data Is not recorded. 
as [0068] Preferably, the the optical recording medium is a DVD-RAM disk, and the step (g) is performed in a mirror 
area of the DVD-RAM disk. 

[0069] Preferably, the optical recording medium is a DVD-RAM disk, and the step (g) Is performed in a gap area of 
the DVD-RAM disk. 
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[0070] In another aspect of the Invention, there Is pravldad an adaptive recording apparatus comprising: a record- 
ing waveform generator for generating an overwrite pulse control signal corresponding to binary data having marks and 
spaces; a laser diode driver for controlling a laser diode to generate overwrite pulses corresponding to the overwrite 
pulse control signal and controlling the power of the overwrite pulses according to light output control data; an auto laser 

5 diode power control (ALPC) circuit for feed-back controlling the power of the overwrite pulses to be maintained at a pre- 
determined reference value; a data determiner for determining the correlattvlty between the recording mark and lead- 
ing/trailing space; a first power table storing unit for storing the light output control data corresponding to the power of 
the overwrite pulse depending on the correlatMty; an operator for obtaining the output characteristic curve of the laser 
diode by referring to first reference light output control data and second reference light output control data, and output- 

w ting the corresponding light output control data according to the output characteristic curve; a second power table stor- 
ing unit for storing the light output control data obtained by the operator; and a multiplexer for selectively supplying the 
light output control data output from the ALPC circuit or the second power table storing unit to the taeer diode driver, the 
adaptive recording apparatus for adaptlvefy adjusting the power of the overwrite pulse according to the correlattvlty 
between the length o1 the recording mark and the lengths of the leading/trailing spaces. 

is [0071] Preferably, the ALPC circuit periodically outputs the first reference fight output control data and the second 
reference light output control data, and the operator is synchronized with the period of the ALPC circuit for outputting 
the first reference light output control data and the second reference light output control data and outputs the light out- 
put control data corresponding to the power setting values stored In the first power table storing unit. 
[0072] Preferably, the optical recording medium Is a DVD- RAM disk, and the ALPC circuit is synchronized with a 

20 mirror signal Indicative of a mirror period of the DVD-RAM and outputs the first reference light output control data and 
the second reference light output control data. 

[0073] The optical recording medium may be a DVD-RAM disk, and the ALPC circuit may be synchronized with a 
gap signal indicative of a gap period of the DVD-RAM and outputs the first reference light output control data and the 
sscond reference light output control data. 
25 [0074] The apparatus may further comprise an adderfor adding the light output control data output from the second 
power table storing unit to the light output control data corresponding to a difference in the light sensitivity between two 
tracks according to the type of a land/groove track. 

[0075] For abetter understanding of the Invention, and to show how embodiments of the same may be carried into 
effect, reference will now be made, by way of example, to the accompanying diagrammatic drawings in which: 

30 

Figure 1 shows waveform diagrams Illustrating overwrite pulses for forming recording marks In a digital versatile 
disc random access memory (DVD-RAM); 

Figure 2 Is a block diagram Illustrating a conventional adaptive recording apparatus; 

35 

Figure 3 shows waveform diagrams Illustrating the operation of the conventional adaptive recording apparatus 
shown in Figure 2; 

Figure 4 shows graphs Illustrating the dependence of the output characteristics of a laser diode on the operating 
40 temperature; 

Figure 5 is a block diagram Illustrating an embodiment of an adaptive recording apparatus according to the present 
Invention; 

45 Figure 6 Is a conceptual diagram showing a procedure of inspecting the output characteristics of a laser diode 
shown in Figure 5; 

Figure 7 Illustrates a procedure of updating light output control data of a second power table storing unit shown In 
Figure 5; 

so 

Figure 8 graphically illustrates a procedure of updating light output control data; and 

Figure 9 shows waveform diagrams for Illustrating thB operation of the adaptive recording apparatus shown In Fig- 
ure 5. 

55 

[0076] Now, an adaptive recording method and an apparatus suitable for Implementing the same will be described 
in detail with reference to the accompanying drawings. 

[0077] Figure 5 is a block diagram illustrating an adaptive recording apparatus according to the present invention. 
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In Figure 6, the same functional elements as those shown in Figure 2 are designated by the 9ame reference numerals, 
and a detailed explanation thereof will be omitted. 

[0078] In Figure 5, reference numeral 502 denotes a driver micom 502, reference numeral 604 denotes a first 
power table storing unit, reference numeral 50B denotes a second power table storing unit, reference numeral 510 
5 denotes an adder and reference numeral 512 denotes a multiplexer (MUX). 

[0079] The first power table storing unit 504 stores power setting values recorded in a read in/out region of the disc 
180. 

[0080J An up/down counter 20B Includes three up/down counters 208a through 208c for use In calculation of first 
and second reference light output control data and In normal recording, respectively, which are selected by the driver 

10 micom 502 according to the operation mode. 

[0081] An operator 506 operates two reference light output control data Pa and Pb, which are obtained by the first 
and second up/down counters 208a and 208b, and the light output control data compensated according to a change In 
the output characteristic of the LD 1 60 using the power setting values stored in the first power tablB storing unit 504. 
The light output control data operated in the operator 506 is recorded In the Becond power table storing unit 508. 

is [0082] The adder 510 adds the light output control data supplied from the second power table storing unit 508 to a 
predetermined value depending on the type of a track, that Is, land or groove, to then supply the addition result to a MUX 
512. 

[0083] The MUX 512 selects one of the light output control data supplied from the up/down counters 208a through 
208c and the adder 51 0 and supplies the selected data to a DAC 21 0. The MUX 51 2 selects the first or second up/down 
20 counter 208a or 208b In a compensation mode, selects the third up/down counter 208c in a general recording mode, 
and selects the adder 510 in an adaptive recording mode. 

[0084] Now, the operation of the adaptive recording apparatus shown in Figure 6 will be described In detail. 
[0085] The apparatus shown in Figure 5 operates In any one of a power table compensation mode for obtaining 
light output control data compensated according to a variation in the output characteristic of the LD 160, a general 
25 recording mode and an adaptive recording mode. Here, the power table compensation mode Is preferably periodically 
executed. 

1 ) Power table compensating mode 

so [0086] The power table compensation mode is periodically executed. In other words, the output characteristic of the 
LD 1 60 is periodically examined and the light output control data of the second power table storing unit 508 is compen- 
sated according to the examination result. 

[0087] In the power table compensation mode, the first reference light output control data Pa and the second refer- 
ence light output control data Pb are obtained to be supplied to the operator 506, the output characteristic of the LD 1 60 
35 is examined by referring to the obtained reference light output control data, and the second power table storing unit 508 
Is updated. 

[0088] The power table compensation mode is executed in an area of the disc 1 80, where user data Is not recorded, 
for example, a mirror/gap section of a DVD- RAM disc. In other words, the power table compensation mode is executed 
In synchronization with a mirror/gap signal Indicative of the mirror/gap section, and Is preferably executed within the mir- 
40 ror/gap section. The reason of the foregoing Is that a mirror section is a region in which data Is not recorded and a gap 
section Is a recording region of data except user data, the compensation mode can be executed without affecting the 
recording operation. 

[0089] In the power table compensation mode, the output characteristics of the LD 160 are examined and the sec- 
ond power table storing unit 508 is compensated according to the examination result. 

45 [0090] Figure 6 is a conceptual diagram showing a procedure of Inspecting the output characteristics of the laser 
diode 1 60 shown In Figure 5. In the present Invention, approximation is used for examining the output characteristics of 
the LD 1 60. In detail, assuming that the output characteristics of the LD 1 60 are linear, two reference light output control 
data Pa and Pb are obtained at two references a and b selected on the y axis indicating the power of the overwrite 
pulse. An approximate curve of the output characteristics of the LD 160 Is obtained from two references a and b and 

so the corresponding reference light output control data Pa and Pb. In other words, a straight line connecting the points 
[Pa, a] and [Pb, b) Is obtained and assumed to be an approximate output characteristic curve. 
[0091] In examining the output characteristics of the LD 160, the driver micom 502 examines the first reference light 
output control data Pa at the first reference a and then examines the second reference light output control data Pb at 
the second reference b, thereby obtaining the output characteristic curve of the LD 1 60 by referring to the first reference 

55 light output control data Pa and the second reference light output control data Pb obtained at the first reference a and 
the second reference b ( respectively. 

[0092] In the apparatus shown In Figure 5, It Is assumed that the dynamic power of the LD 160 ranges from 2 to 1 6 
mW, the power level of the first reference a is 6 mW and the second reference b is 1 0 mW. in order to obtain the corre- 
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spending power levels of the first and second references a and b, the reference light output control data Pa and Pb to 
be applied to the LD 160 are obtained. The ALPC circuit 200 is Involved in examining the reference light output control 
data Pa and Pb at the first and second references a and b. 

[0093] First, the first reference light output control data Pa of the first reference a (6 m W) is obtained as follows. The 
5 driver mlcom 502 makes the first up/down counter 20Ba operate and makes the MUX 512 select the output of the first 
up/down counter 208a. Then, the driver micom 502 applies to the comparator 208 a reference voltage V_ref_6mW for 
determining the first reference a of 6 mW. 

[0094] In response to the operation of the ALPC circuit 200, the first reference light output control data Pa for 
obtaining the power level of the overwrite pulse corresponding to first reference of 6 mW Is obtained In the first up/down 

to counter 20Ba to then be supplied to the operator 506. This operation is performed In the mirror/gap section. 

[0095] Next, the second reference light output control data Pb of the first reference b (10 mW) Is obtained as fol- 
lows. The driver micom 502 makes the second up/down counter 208b operate and makes the MUX 512 select the out- 
put of the second up/down counter 208b. Then, the driver mlcom 502 applies to the comparator 206 a reference voltage 
V_reL1 OmW for determining the first reference b of 10 mW. 

is [0096] In response to the operation of the ALPC circuit 200, the second reference light output control data Pb for 
obtaining the power level of the overwrite pulse corresponding to second reference of 10 mW is obtained in the second 
up/down counter 208b to then be supplied to the operator 506. This operation Is also performed in the mirror/gap sec- 
tion. 

[0097] The procedure of obtaining the output characteristic curve of the LD 160 by referring to the first reference 
so light output control data Pa and the second reference Pght output control data Pb obtained at the first reference a and 
the second reference b, will now be described. 

[0098) The operator 506 obtains the approximate output characteristic curve by the known method shown in Figure 
6 by referring to the first reference light output control data Pa and the second reference tight output control data Pb 
obtained at the first reference a and the second reference b. in detail, the coordinates [Pa, a] defined by the first retar- 
ds ence a and the first reference light output control data Pa, and the coordinates [Pb, b] defined by the second reference 
b and the second reference light output control data Pb are linearly connected to each other to obtain the approximate 
output characteristic curve. 

[0099] Next, the light output control data of the second power table storing unit 508 is updated based on the 
obtained approximate output characteristic curve. 
30 [0100] The power level of the overwrite pulse is compensated In accordance with all possible combinations of the 
length of a recoding mark and the length of leading/trailing space. 

[0101] Also, compensation Is preferably made on the first pulse, the last pulse and the multi and the multi-pulse 
chain, respectively. However, In the present Invention, the power levels of the first pulse and the last pulse, for example, 
are compensated. Also, the compensation degrees of the first and last pulses may be different from each other. How- 
35 ever, in the present invention, it has been illustrated that the power levels of the first and last pulses are equally com- 
pensated. 

[0102] In the DVD- RAM, the length of the shortest pulse of a NRZI signal is 3T (Hare, T is a period of a system clock 
signal.) and that of the longest pulse of the NRZI signal Is 14T. Therefore, there are 12 2 possible combinations of the 
length of a recoding mark and the length of leading/trailing space. Thus, the size ol a power table for covering all pos- 
40 sible combinations increases and the system load Increases. Accordingly, the length of a recording mark and the length 
of trailing space are classified Into several representative types, for example, four types of the shortest pulse, the short 
pulse, the middle pulse and the long pulse, for easier processing. Then, a power table for compensated power levels of 
16 (4x4)k)nds of combinations can be used. 

[0103] Figure 7 (a) shows the content of the power table In which the compensated power levels of the represent- 
45 atlve combinations, In which the power level of the last pulse Is adjusted according to the length of a recording mark and 
the length of trailing space. In Figure 7(a), G1 , G2, G3 and G4 represent the shortest pulse (3T), the short pulse (4T), 
the middle pulse (6T) and the long pulse {6T to 14T), respectively. 

[0104] In Figure 7(a), the combinations of the lengths of recording mark and trailing space are shown In the left col- 
umn, and the power setting values In the corresponding combinations are enumerated In the right column. The power 
so setting values are recorded In the first power table storing unit 504 by the driver mlcom 502 when the driver Initially oper- 
ates. 

[0105] Rgure 7 (b) shows the light output control data compensated responsive to a variation in the output charac- 
teristic of the LD 1 60. The operator 506 prepares the approximate output characteristic curve using the reference light 
output control data and updates the light output control data corresponding to the power setting values by referring to 
55 the prepared approximate output characteristic curve. The updated light output control data are stored in the second 
power table storing unit 508. The updating operation is repeatedly performed The second power table storing unit 508 
is referred to whan the data is recorded by the adaptive recording mode. 

[0106] Although Figures 7(a) and 7(b) Illustrate an example of an adaptive recording method depending on the cor- 



6 



EP 1 061 509 A2 

relativity between the recording mark and the trailing space, it should be noted thai the adaptive recording method may 
depend on the correlatlvlty between the recording mark and the leading space or the leadingftrailing spaces. 
[0107] Figure 8 graphically Illustrates a procedure of updating light output control data, In which the curve A is an 
approximate output characteristic curve obtained at 25°C and the curve b Is an approximate output characteristic curve 
5 obtained at B0°C. 

[0108] The contents recorded in the first power table storing unit 504 are data indicating the power level of an over- 
write pulse to be set In the corresponding correlatlvlty. For example, In the first line of Figure 7(a), when the lengths of 
recording mark and trailing space are both G v I.e., O v G v the power level of the last pulse Is to be set to 1 0 mW. 
[0109] Referring to the curve A of Figure 8, the light output control data for 1 0 mW of the power level of the LD 160 

w is 1 00. However, referring to the curve B of Figure 8, the light output control data for the same power level Is 1 20. 
[01 1 0] Since the output characteristic is dependent on the temperature and the temperature is subject to change at 
any time, the output characteristic of the LD 160 changes at anytime. In performing adaptive recording, the light output 
control data must be changed according to changes In the output characteristic of the LD 160. 
[0111] The operator 506 performs an operation on the light output control data compensated with respect to the 

1$ correlatlvlty by referring to the approximate output characteristic curves and stores the operation result In the second 
power table storing unit 508. During the adaptive recording operation, the second power table storing unit 50B is 
referred to. 

[0112] In the present invention, the first power table storing unit 504 and the second power table storing unit 508 
are separately provided for storing Initial data for an adaptive recording method and ensuring responsiveness. 

20 

2} Normal recording mode 

[01 13] In the general recording mode, the light power level Is controlled by the ALPC circuit 200. in this case, a ref- 
erence voltage V_reLw supplied by the driver micom 602 is applied to the comparator 206 and the third up/down coun- 
25 ter 208c is used. 

[0114] The recording waveform controller 110 outputs recording waveform control signals, that is, the read power 
control signal shown In Figure 3(b), the write power control signal shown In Figure 3(c) and the bias power control signal 
shown In Figure 3(d), according to NRZI data shown In Figure 4(a). 

[0115] The overwrite pulse generator 120 generates overwrite pulses shown in Figure 3(e), according to recording 
30 waveform control signals supplied from the recording waveform controller 110, and applies the same to the LD driver 
140. 

[0116] The LD driver 140 drives the LD 160 according to the overwrite pulses applied thereto and the light output 
control data supplied from the DAC 210. The overwrite pulses supplied to the LD 160 are flashed onto the disc 180 to 
perform recording of data. Data Is recorded on the disk 1 BO by the overwrite pulses generated in the LD 160. 

35 

3) Adaptive recording mode 

[0117] In the adaptive recording mode, the output levels of the LD 160 are adjusted by referring to the compensated 
light output control data stored In the second power table storing unit 508. 

40 [0118] In the adaptive recording mode, setting the power levels of overwrite pulses is achieved by the data deter- 
miner 100, the second power table storing unit 508, the adder 51 0, the MUX 512, the DAC 21 0 and the LD driver 140. 
[0119] The data determiner 1 00 receives NRZI data, determines the correlatlvlty between the length of the record- 
ing mark and the length of leadlngAraUIng space, and supplies the determination result to the second power table stor- 
ing unit 508. The second power table storing unit 508 outputs the light output control data of the corresponding 

as correlative to the adder 510 by referring to the determination result supplied from the data determiner 100. 

[0120] The adder 51 0 adds the light output control data output from the second power table storing unit SOB to the 
light output control data depending to the land/groove. In the case of a DVD-RAM, since there is a difference in the light 
sensitivity between a land track and a groove track, the power table storing unit for use In land and groove must be sep- 
arately Installed. However, the difference in the light sensitivity between a land track and a groove track Is about 0.5 mW, 

50 which Is substantially constant throughout the disk. Thus, the light output control data corresponding to 0.5 mW is 
added for each land/groove track, thereby obviating the hardware burden due to the demand for separately Installing 
the second power table storing unit 508 for land/groove use. 

[0121] The adder 51 0 outputs only the light output control data supplied from the second power table storing unit 
508 or outputs light output control data obtained by adding a constant value (light output control data corresponding to 
55 about 0.5 mW) to the same according to a land/groove signal. The land/groove signal Is generated In a tracking control- 
ler (not shown). rt _ 
[0122] The addition result of the adder 51 0 is supplied to the LD driver 1 40 via the MUX 512 and the DAC 21 0. ThB 
LD driver 140 controls the levels of the overwrite pulses output from the LD 160 according to the light output control data 
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supplied from the DAC 210. 

[0123] The driver micom 502 initializes the determination conditions of the data determiner 100, the first power 
table storing unit 604 and the second power table storing unit 508. In the Initializing operation, the power setting values 
read from the lead-in/out zone of the disk 1 60 are 6tored in the first power table storing unit 504, and the light output 
s control data corresponding to the power setting values stored in the first power table storing unit 504 is stored in the 
second power table storing unit 508, However, after the power table compensation mode is performed, the second 
power table storing unit 608 stores the light output control data updated according to the output characteristics of the 
LD 160. 

[0124] The recording waveform controller 110 outputs recording waveform control signals, that Is, the read power 
w control signal shown In Figure 3 <b), the write power control signal shown in Figure 3(c) and the bias power control sig- 
nal shown In Figure 3(d), according to NRZI data shown in Figure 4(a). 

[0125] The overwrite pulse generator 120 generates overwrite pulses shown in Figure 3(e), according to recording 
waveform control signals supplied from the recording waveform controller 110, and applies the same to the LD driver 
140. 

is [0126] The LD driver 140 drives the LD 1 60 according to the overwrite pulses applied thereto and the light output 
control data supplied from the DAC 210. 

[0127] In the adaptive recording mode, the ALPC circuit 200 performs an ALPC operation, like in the general 
recording mode. Since the counted values of the third up/down counter 208c are changed by adjusting the light output 
levels in the adaptive recording mode, the normal recording mode may be affected. However, in the general adaptive 
20 recording mode, level adjustment is performed with respect to the first and last pulses of the overwrite pulses. The peri- 
ods of the first and last pulses are shorter than those that can be managed by the ALPC circuit 200. Thus, the third 
up/down counter 208c is little affected by the level adjustment of the first and last pulses. If affected, since the effect of 
the level adjustment Is distributed throughout several adjacent recording marks, the effect Is negligible. 
[0128] In order to prevent the ALPC circuit 200 from being affected by the adaptive recording mode, while the adap- 
ts five recording Is performed, the operation of the ALPC circuit 200 may be disabled. 
[0129] The following Table 1 ahows the types of adaptive recording modes. 



Table 1 





bl 


b2 


Type of adaptive recording mode 


APJTYPE[b1.b2) 


0 


0 


First pulse 




0 


1 


Last pulse 




1 


0 


First pulse, last pulse 




1 


1 


First pulse, multi-pulse, last pulse 



[0130] Figure 0 shows waveform diagrams of overwrite pulses according to the adaptive recording mode based on 
40 Table 1 . in the adaptive recording mode, the levels of the overwrite pulses adaptive ry vary, as shown in Figure 9. Figure 
9(a) shows overwrite pulses In the case of varying the level of the first pulse according to the correlativity between the 
recording mark and the leading space, that is, In the case of AP_TYPE[0, 0], Figure 9(b) shows overwrite pulses In the 
case of varying the level of the last pulse according to the correlativity between the recording mark and the trailing 
space, that is, in the case of AP_TYPE[0, 1 J, Figure 9(c) ehows overwrite pulses in the case of varying the levels of the 
45 first and last pulses according to the correlativity between the recording mark and the leading/trailing spaces, that Is, in 
the case of AP_JYPE[1, 0], and Figure 9(d) shows overwrite pulses in the case of varying the levels of aR pulses 
according to the correlativity between the recording mark and the leading/trailing spaces, that is, in the case of 
AP_TYPE[1 , 1J, which is related to only the length of the recording mark. 

[0131] As described above, the adaptive recording method according to the present Invention allows accurate 
so recording control by updating the light output control data forthe power setting values as the output characteristics of a 
laser diode change. 

[0132] Also, the power of overwrite pulses can vary adaptive ly according to the lengths of recording marks and 
spaces. 

[0133] The reader's attention is directed to all papers and documents which are filed concurrently with or previous 
55 to this specification in connection with this application and which are open to public Inspection with this specification, 
and the contents of ali such papers and documents are Incorporated herein by reference. 

[0134] All of the features disclosed in this specification (including any accompanying claims, abstract and draw- 
ings), and/or all of the steps of any method or process so disclosed, may be combined In any combination, except com- 



10 



EP 1 061 509 A2 

blnations where at least some of such features and/or steps are mutually exclusive, 

[0135] Each feature disclosed In this specification (Including any accompanying claims, abstract and drawings), 
may be replaced by alternative features serving the same, equivalent or similar purpose, unless expressly stated oth- 
erwise. Thus, unless expressly stated otherwise, each feature disclosed Is one example only of a generic series of 
equivalent or similar features. 

[0136] The invention Is not restricted to the details of the foregoing embodiment(s). The Invention extend to any 
novel one, or any novel combination, of the features disclosed in this specification (including any accompanying claims, 
abstract and drawings), or to any novel one, or any novel combination, of the steps of any method or process so dis- 
closed. 

Claims 

1 . An adaptive recording method for recording binary data having marks and spaces by Irradiating a light signal onto 
an optical recording medium and adaptively adjusting the power of the light signal according to the correlativlty 
between the length of a mark currently being recorded and the lengths of leading/trailing spaces, the adaptive 
recording method comprising the steps of: 

(a) checking the output characteristics of a light signal generating apparatus for generating the light signal; and 

(b) controlling the power of the light signal by referring to the power of the light signal corresponding to the cor- 
relativlty and the output characteristics In recording the data on the optical recording medium. 

2. The adaptive recording method according to claim 1 , wherein the step (a) comprises the sub-steps of: 

(a1 ) obtaining first reference ilght output control data for outputting a light signal having a first reference power 
from the Ilght signal generating apparatus; 

(a2) obtaining second reference Ilght output control data for outputting a light signal having a second reference 
power from the light signal generating apparatus; and 

(a3) approximating the output characteristics of the light signal generating apparatus by referring to the first ref- 
erence power, the first reference light output control data, the second reference power and the second refer- 
ence light output control data. 

3. The adaptive recorcfing method according to claim 2, wherein the sub-steps (a1 ) and (a2) are performed in an area 
of the optical recording medium where user data is not recorded. 

4. The adaptive recording method according to claim 2 or 3, wherein in the sub-step (a3), the approximated output 
characteristic curve of the Ilght signal generating apparatus is obtained by a line connecting a point corresponding 
to the first power and the first light output control data, and a point corresponding to the second power and the sec- 
ond light output control data. 

5. The adaptive recording method according to any of claims 1 to 4. wherein the step (b) comprises the sub-steps of; 

(b1) obtaining the light output control data applied to the light signal generating apparatus for generating light 
signals having power levels corresponding to the power setting values depending on each correlativlty; 

(b2) storing the Ilght output control data; 

(b3) determining the correlativlty between the mark currently being recorded and the leading/trailing spaces; 
and 

(b4) supplying the light output control data corresponding to the correlativlty determined In the step (b3) to the 
light signal genarating apparatus. 

6. The adaptive recording method according to claim 6, wherein the sub-steps (b1) and (b2) are periodically per- 
formed. 
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7. The adaptive recording method according to claim 6 or 6, wherein the optical recording medium has two different 
tracks and the method further comprises the step of (b5) adding the corresponding fight output control data to a 
difference In the light sensitivity between two tracks according to the type of a data recorded track. 

a. The adaptive recording method according any preceding claim, wherein the etep (a) Is periodically performed. 

9. The adaptive recording method according to any preceding claim, wherein the optical recording medium has an 
area where user data Is not recorded, and the step (a) Is performed In that area. 

10. The adaptive recording method according to any preceding claim, wherein the optical recording medium Is a DVD- 
RAM disk, and the step (a) is performed in a mirror area of the DVD-RAM disk. 

11. The adaptive recording method according to any of claims 1 to 9, wherein the optical recording medium is a DVD- 
RAM disk, and the step (a) Is performed in a gap area of the DVD-RAM disk. 

12. A method for controlling an adaptive recording apparatus comprising a recording waveform generator (120) for 
generating an overwrite pulse control signal corresponding to binary data having marks and spaces; a laser diode 
driver (140) for controlling a laser diode (160) to generate overwrite pulses corresponding to the overwrite pulse 
control signal and for controlling the power of the overwrite pulses according to light output control data; an auto 
laser diode power control (ALPC) circuit (200) for feed-back controlling the power of the overwrite pulses to be 
maintained at a predetermined reference value; a data determiner (100) for determining the correlativity between 
the recording mark and leading/trailing apace; a power table storing unit (508) for storing the light output control 
data corresponding to the power of the overwrite pulse depending on the correlativity and outputttng the corre- 
sponding tight output control data according to the determined correlativity; and a multiplexer (512) for selectively 
supplying the light output control data output from the power table storing unit (506) to the laser diode driver { 1 40), 
the adaptive recording apparatus for adaptively adjusting the power of the overwrite pulse according to the correl- 
ativity between the length of the recording mark and the lengths of the leading/trailing spaces, the method compris- 
ing the steps: 

(g) checking the output characteristic curve of the laser diode (160) by controlling the ALPC circuit (200); and 

(h) updating the light output control data stored in the power table storing unit (50B) by referring to the output 
characteristic curve. 

13. The adaptive recording apparatus controlling method according to claim 12, wherebi the step (g) comprises the 
sub-steps of: 

(gi) applying to the ALPC circuit (200) a first reference value for allowing the overwrite pulse to have a first 
power, and obtaining first reference light output control data corresponding thereto; 

(g2) applying to the ALPC circuit (200) a second reference value for allowing the overwrite pulse to have a sec- 
ond power, and obtaining second reference light output control data corresponding thereto; and 

(g3) approximating the output characteristics of the light signal generating apparatus by referring to the first 
power, the first light output control data, the second power and the second light output control data. 

14. The adaptive recording apparatus controlling method according to claim 13, wherein the sub-steps (gi) and (g2) 
are performed In an area of the optical recording medium (1 80) where user data ts not recorded. 

16. The adaptive recording apparatus controlling method according to claim 13, wherein In the sub-step (g3), the 
approximated output characteristic curve of the light signal generating apparatus is obtained by a line connecting 
a point corresponding to the first power and the first light output control data, and a point corresponding to the sec- 
ond power and the second light output control data. 

16. The adaptive recording apparatus controlling method according to claim 12, wherein the optical recording medium 
(1 BO) hae two different tracks and the method furthercomprtses the step of (1) adding the corresponding light output 
control data to a difference In the light sensitivity between two tracks according to the type of a data recorded track. 

1 7. The adaptive recording apparatus controlling method according to claim 1 2, wherein the step (g) is periodically per- 



12 



EP 1 061 509 A2 



formed. 

18. The adaptive recording apparatus controlling method according to claim 12, wherein the step (g) Is performed In an 
area of a disk where user data te not recorded. 

19. The adaptive recording apparatus controlling method according to claim 12, wherein the optical recording medium 
is a DVD-RAM disk, and the step (g) is performed in a mirror area of the DVD-RAM disk. 

20. The adaptive recording apparatus controlling method according to claim 12, wherein the optical recording medium 
Is a DVD-RAM disk, and the step (g) Is performed In a gap area of the DVD-RAM disk. 

21. An adaptive recording apparatus comprising: 

a recording waveform generator (120) for generating an overwrite pulse control signal corresponding to binary 
data having marks and spaces; 

a laser diode driver (140) for controlling a laser diode (140) to generate overwrite pulses corresponding to the 
overwrite pulse control signal and controlling the power of the overwrite pulses according to light output control 
data; 

an auto laser diode power control (ALPC) circuit (200) for feed-back controlling the power of the overwrite 
pulses to be maintained at a predetermined reference value; 

a data determiner (100) for determining the correlativity between the recording mark and leading/trailing 
space; 

a first power table storing unit (504) for storing the light output control data corresponding to the power of the 
overwrite pulse depending on the correlativity; 

an operator (506) for obtaining the output characteristic curve of the laser diode (1 60) by referring to first refer- 
ence light output control data and second reference light output control data, and outputting the corresponding 
light output control data according to the output characteristic curve; 

a second power table storing unit (506) for storing the light output control data obtained by the operator (506); 
and 

a multiplexer (512) for selectively supplying the light output control data output from the ALPC circuit (200) or 
the second power table storing unit (508) to the laser diode driver (140), the adaptive recording apparatus for 
adapttvely adjusting the power of the overwrite pulse according to the correlativity between the length of the 
recording mark and the lengths of the leading/trailing spaces. 

22. The adaptive recording apparatus according to claim 21 , wherein the ALPC circuit (200) periodically outputs the 
first reference light output control data and the second reference light output control data, and the operator (506) is 
synchronized with the period ot the ALPC circuit {200) for outputting the first reference light output control data and 
the second reference light output control data and outputs the light output control data corresponding to the power 
setting values stored In the first power table storing unit (504). 

23. The adaptive recording apparatus according to claim 22, wherein the optical recording medium Is a DVD-RAM disk, 
and the ALPC circuit Is synchronized with a mirror signal Indicative of a mirror period of the DVD-RAM and outputs 
the first reference light output control data and the second reference light output control data. 

24. The adaptive recording apparatus according to claim 22, wherein the optical recording medium Is a DVD- RAM disk, 
andthe ALPC circuit (200) is synchronized with a gap signal indicative of a gap period of the DVD-RAM and outputs 
the first reference light output control data and the second reference light output control data. 

25. The adaptive recording apparatus according to dalm 23 or 24, further comprising an adder (510) for adding the 
light output control data output from the second power table storing unit to the light output control data correspond- 
ing to a difference In the fight sensitivity between two tracks according to the type of a land/groove track. 



13 



f 




14 



♦ 



EP 1 061 509 A2 



O 
CM 



is 

O 

5 

CM 




CM 
O 



RECORDING 
WAVEFORM 
CONTROLLER 


o 


DRIVER 
MICOM 





M 
Of 
Z 



15 




16 



EP 1 061 509 A2 



FIG. 4 (PRIOR ART) 
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FIG. 6 
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